Very limited operational research (OR) emerges from programme settings in low-income countries where the greatest burden of disease lies. The price paid for this void includes a lack of understanding of how health systems are actually functioning, not knowing what works and what does not, and an inability to propose adapted and innovative solutions to programme problems. We use the National Tuberculosis Control Programme as an example to advocate for strong programme-level leadership to steer OR and build viable relationships between programme managers, researchers and policy makers. We highlight the need to create a stimulating environment for conducting OR and identify some of the main practical challenges and enabling factors at programme level. We focus on the important role of an OR focal point within programmes and practical approaches to training that can deliver timely and quantifiable outputs. Finally, we emphasise the need to measure successful OR leadership development at programme level and we propose parameters by which this can be assessed. This paper 1) provides reasons why programmes should take the lead in coordinating and directing OR, 2) identifies the practical challenges and enabling factors for implementing, managing and sustaining OR and 3) proposes parameters for measuring successful leadership capacity development in OR.
IF LOW-INCOME COUNTRIES are to achieve the health-related Millennium Development Goals by 2015, 1 building capacity to conduct multidisciplinary operational research (OR) within the context of national health systems must become a priority. 2, 3 There is ample political recognition of this necessity: OR constitutes one of the key components of the World Health Organization (WHO) Global Stop Tuberculosis (TB) Strategy; 4 the World Health Report in 2012 will, for the fi rst time in its history, focus on the theme of 'No Health without Research'; 5 several agencies emphasise the need to improve human capacity and resources for health research; 6, 7 and research funding is, in principle, available from the Global Fund to Fight AIDS, TB and Malaria (Global Fund). 8 Despite this encouraging momentum, the reality on the ground is that very limited OR emerges from programme settings in low-income countries where the greatest burden of disease lies. 9, 10 What is generally missing is the 'buy in' from disease control programmes, and the lack of effective management structures that link programme managers, researchers and policy makers. In our opinion, this is often what makes OR 'a neglected orphan' at programme level. A number of actions will be needed to change this situation. First, programme managers must recognise the importance of OR and make it an integral component of programme activity. This will require strong leadership to dedicate staff to develop and implement a relevant OR agenda. Second, programmes and their staff must be willing to innovate and apply known science in new ways to address local issues. Third, programme managers must provide a stimulating and sustainable environment for conducting OR for the long haul.
Using National Tuberculosis Control Programmes (NTPs) as an example, we give reasons why programmes should take the lead in directing OR, we identify the practical challenges and enabling factors for implementing, managing and sustaining OR, and fi nally, we propose parameters for measuring successful leadership capacity development in OR.
WHY PROGRAMMES SHOULD BE LEADERS OF OPERATIONAL RESEARCH
From a programme perspective, OR has been defi ned as the search for knowledge on strategies, interventions or tools that can enhance the performance of health programmes in which the research is being conducted. 11 OR leadership should come from the programme level, such as the NTP, for a number of reasons. First, the guiding principles for relevant OR agenda-setting include 1) defi ning the objectives of the programme, 2) identifying the constraints that prevent those objectives from being met and 3) asking research questions regarding those constraints so as to fi nd solutions that enable programme objectives to be achieved. To do so requires research expertise that is very often not present within programmes. However, as the research question(s) determine(s) the nature and type of research, programmes need to develop the capacity to formulate relevant research questions. This requires that programmes accept responsibility and develop leadership for OR.
Second, embedding OR within the NTP structure provides an opportunity to use routinely collected programme monitoring data to answer important questions. We believe that a strong synergy exists between programme monitoring and OR: the latter often relies on accurate routine data, which should lead to those data becoming more reliable and accurate, which in turn improves the level of monitoring within the programme⎯a win-win situation. This synergy also provides an incentive for health workers who see that data they collect can contribute to research that improves programme outcomes.
Third, the ultimate measure of effectiveness of OR is whether it contributes to shaping policy and practice and improves programme performance. 12 When research is completely outsourced to external institutions and not rooted within programmes, studies are less likely to be relevant to programme goals. Outside institutions may produce several scientifi c publications, 11, 13 but research fi ndings should contribute to the end goal of improving dysfunctional health systems if they are to be valued by programme managers, health care workers and the community at large. Demonstrating the relevance of research prevents it from being perceived as an unwanted and unnecessary burden on services. [14] [15] [16] [17] Enabling this vital process depends on leadership capacity at the programme level.
PRACTICAL CHALLENGES AND ENABLING FACTORS FOR BUILDING AND SUSTAINING OPERATIONAL RESEARCH
Building OR at programme level requires 1) embedding OR within the programme framework (an OR 'focal point' person is key to achieving this), 2) providing a supportive environment for OR, 3) building research capacity through practical training models and 4) retaining trained staff for the long haul. The challenges and enabling factors related to each of these aspects are shown in Table 1 , 12, 18 and are discussed below.
Embedding OR within the programme framework Challenges
OR aspires to apply science to the benefi t of programme outcomes, and it must therefore be embedded in the programme design. This poses many challenges: fi rst, programme managers prioritise operations based on their education, experience, knowledge of the local culture and context and, importantly, their workload. They may not perceive the relevance of OR because of competition from these factors, or they may believe that research questions are irrelevant or that OR is an inappropriate activity for a programme manager. Complicating the situation is the lack of national research priorities to guide programme managers in setting their goals. Second, academic institutions and national and international research divisions of development organisations seldom include programme staff, especially at district and local levels, in their research team, thereby providing little incentive for the results to be accepted and applied to improve the effectiveness of the programme. A sense of ownership of the research needs to be developed within the programme setting. Importantly, funding for research activities is often in the hands of academic or research institutions, as they, understandably, have the credibility and skills to make grant applications. With funding goes decision power, and if those institutions do not involve programme staff they may implement a research agenda that does not meet programme needs.
Enabling factors
One way forward is to invest in a full-time, competent 'focal point' for OR, an OR offi cer who works under or alongside the programme manager. Two examples are the use of a dedicated and competent national or expatriate technical assistant, as in Malawi, 12 or the Indian model of WHO national consultant(s) who are involved with OR. 24 The terms of reference of the OR offi cer, for example for the NTP, might be to 1) sit on TB programme management committees; 2) coordinate and serve as a liaison with programme staff, policy makers, non-governmental organisations (NGOs) and research communities to set research priorities; 3) implement and manage research activities; and 4) ensure dissemination of research fi ndings to stakeholders through workshops, scientifi c journals or other communication channels. The person should be competent in OR methodology and understand TB control at district and national levels. The individual should also have strong training and mentoring skills so as to build a 'critical mass' of research staff at programme level. 25 The focal point would benefi t from support by a qualifi ed data manager or biostatistician who develops data collection tools and conducts and teaches statistical analysis. The characteristics of an ideal OR focal point are given in Table 2 . Development of an OR focal point requires time, and programmes need to invest in this long-term plan.
Experience from the Malawi NTP has shown that investment in a full-time, competent OR offi cer working alongside the programme manager led to OR Investing in an OR focal point provides an opportunity for trained individuals to take the reins of OR Dedicated budget lines for research activity would improve the working environment Introducing the concept of junior and senior research fellowships serves to retain staff 23 The possibility of pursuing a Masters or Doctoral degree through OR is an incentive to foster retention OR = operational research; NGO = non-governmental organisation.
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1429 being fully integrated into the programme and being sustained over time. 11, 12, 19, 23 The experience from an implementing NGO (Médecins Sans Frontières, Operational Centre Brussels) is similar, showing that investment in a full-time research focal person with programme skills who was supported by a data manager and a medical editor was key to increasing annual publication output to over 50 peer-reviewed scientifi c articles by 2010-a 10-to 12-fold increase over a period of 5 years. 13 Other key aspects of embedding OR into TB programmes include ensuring that research questions address constraints to TB control objectives; having a coordination mechanism at the national level to provide a clear strategy on the setting of research priorities; using existing TB monitoring systems for research and improving them wherever possible; and ensuring that funding for OR is an integral part of the annual budget.
Providing a conducive and stimulating environment for OR Challenges
OR involves protocol writing, seeking ethics approval, collecting and analysing data, writing manuscripts for publication, 21 dealing with peer reviews, and fi nally dissemination and translation of research fi ndings into policy and practice. This requires dedicated time which is simply not available for most programme managers. Dedicated budget lines for OR are also often not available, and there is consequently a lack of basic research infrastructure and capacity to translate research fi ndings into practice. The lack of funding for health research has been characterised as the 90/10 gap, in which less than 10% of health research funds are spent on 90% of the world's disease burden. 10 The Commission on Health Research recommends a minimum amount of 2% of the national health expenditure for research. 26 In most low-income countries, where annual per capita expenditure for health is less than US$50, this will translate into negligible research funds. Moreover, in a study of fund fl ows for health research, only Brazil and Cuba were found to have allocated 2% of health expenditures to health research. As money is power, the priorities for health research and capacity-building may thus be easily distorted by the interests of donors and institutions from industrialised countries. 27 Asserting national sovereignty on setting research priorities will require dedicated research funds at the country level, and these can then be made available for disease-control programmes.
Three other important 'disabling' factors are inequitable access to scientifi c and technical information, lack of innovative communication channels to infl uence programme and policy makers and a dearth of active collaboration with research communities. 28 Considering the small number of scientists in any single programme or institution in low-income countries, formation of a critical mass of researchers is diffi cult, suggesting interaction with research communities beyond these units to strengthen the research environment. 27 
Enabling factors
A key factor for any research programme is to provide staff with dedicated time (e.g., 2 days per week) not only to conduct research but also for co-ordination and collaborative meetings. Without this, there is no chance of research output. To provide additional human resources, possible ways forward include temporary re-allocation of staff, liaising with collaborating partners, including NGOs and implementing agencies, to support the programme with additional staff, or creating (a) new and permanent research post(s). The latter is perhaps the most sustainable option in the longer term. In addition, dedicated budget lines are necessary to provide additional staff, offi ce space, computers, software, virus protection and internet access. Transport, fuel and maintenance (e.g., for motorcycles) are needed to support district level supervision and collect data. If national or donor funding is lacking, innovative schemes for fi nancing national health research can be considered. For example, several Latin American countries have adopted revenue diversion of up to 7% from national lotteries to finance health research, 27 while in the Philippines, allocating 1% of all sources of government revenue to health-related research raised up to US$54 million per year for a health research endowment fund. 27 The Global Fund and other organisations aimed at improving global health need to set up non-bureaucratic and innovative fi nancing mechanisms that will readily allow access to specifi c funds.
Programme staff need to be encouraged and motivated. This can be done through on-the-job training and supervision to encourage district level workers to develop their own studies, supporting young researchers to attend/present at conferences, investing in overcoming the 'digital divide' to provide access to scientifi c literature, 28, 29 conducting research dissemination workshops and providing regular feedback. Small research grants (e.g., US$500-$1500) and research bonuses for successfully completed research have been shown to be particularly useful in encouraging programme staff to become involved in research. 22, 23, 30, 31 Involving NGOs and local or international academic institutions in OR can add useful infrastructure, implementation support and supportive advocacy to a programme. 13 
Building capacity for OR Challenges
Building capacity 27 for OR can be defi ned as an ongoing process of empowering individuals and programmes to 1) identify and prioritise problems in a systematic manner, 2) develop and scientifi cally evaluate appropriate solutions and 3) share and apply the knowledge generated in a manner that infl uences policy and practice. At the programme level, the fi rst basic challenge is the lack of practical knowledge on how to defi ne the right research questions, knowing the steps needed to run a study and manage data and having the writing skills to publish in a peer-reviewed journal. Defi ning relevant research questions and publishing requires research expertise that are often lacking at programme level. This is a real weakness, and explains why much research that is conducted never gets published. 21, 32, 33 The second challenge lies with current models of capacity building. There are several reasons why many training models are unsuitable for OR training, 23, 27 and these include: candidate selection criteria are weak (training is often offered as an incentive); the selected candidate(s) might not be interested in or suited to OR: the curriculum is largely theoretical; there is no on-job mentorship once classroom training is completed; training is not linked to output from candidates; and there is no assessment of the extent of fi eld application of the acquired knowledge.
The third challenge is the lack of collaboration with disciplines such as social sciences and health economics, which provide unique types of information particularly useful to operational programmes. These include qualitative and health economic research. 34 The fourth challenge is the issue of North-South partnerships and the establishment of centres of excellence. 20, 35 Many partnerships have been successful in producing high-quality research, and a considerable proportion of the scientifi c output from low-i ncome countries can be linked to these. 20 Some laudable examples include the European and Developing Country Partnerships (EDCTP) in various African countries, 36 the Wellcome Trust Initiative to develop capacity with academic institutions in Africa, 37 the WHO Special Research and Training Programme (WHO/ TDR) for supporting malaria research in Africa, 38 and long-term research collaboration and training at sites in India, Mali, Uganda 39 and Zambia. 36 Although the contributions of these initiatives are signifi cant and such partnerships have independent merit, they were not primarily designed to fi ll capacity gaps in programme-driven OR. As a result, problems arise that include: loss of programme autonomy, increased o rganisational costs related to building of mutual trust, stresses regarding ownership and sharing of decision-making processes, and diffi culties sustaining indigenous research capacity. 20, 35 Centres of excellence also run the risk of headhunting from the public sector and can become 'ivory towers' for externally driven research agendas for scientists from industrialised countries. 27, 40 Finally, there are no databases or formal evaluations that track the outcomes of training. A published study from the Research Institute of Tuberculosis (RIT) in Japan illustrates this point well. Of all participants attending an international training course between 2001 and 2007 at the RIT, which included a component on OR, only 40% started OR projects and none wrote a scientifi c paper. 41 The main reasons cited for failure to implement and complete studies were lack of time, lack of funds, lack of approval from supervisors and lack of writing skills-important barriers to be tackled at the fi eld level.
Enabling factors
We need to rethink the process of learning through innovative and product-oriented training models that can deliver results in relatively short time frames (e.g., 12-15 months) and have quantifi able output. To be useful to programmes, OR studies should be conducted in a timely manner and have practical results. Spending years on randomised trials is not the focus of OR. What is needed is a practical approach that includes both 'learning by doing' and 'co-learninglearning from one other'. 27 Learning by doing is feasible when accompanied by strong individual mentorship from seasoned researchers. For example, the International Health Policy Programme in Thailand relies heavily on mentorship by senior researchers and policy analysts as a method of problem-oriented capacity-building. 42 In India, co-learning has been found to be very effective in strengthening the skills of stake-holders, including policy makers, programme managers, health practitioners and members of civil society. 27, 43, 44 Other promising examples include the Centers for Disease Control and Prevention (CDC)/United States Agency for International Development (USAID) [45] [46] [47] and International Union Against Tuberculosis and Lung Disease (The Union)/Médecins Sans Frontières (MSF) models of sustainable capacity building. 23 The Union/MSF model, which started in 2009, is run as three 1-week modules over 9 months and focuses on strict candidate selection, to ensure that the right candidates are chosen; practical training involving onthe-job mentorship by a pool of experienced OR resource persons; and performance-linked support and continuing evaluation based on achieved milestones and end products. 23 The strict selection criteria increase the likelihood of success (Table 3 ). The course curriculum and expected outputs to be accomplished are shown in Table 4 . The fi rst of these courses ran between August 2009 and April 2010 in Paris, with participants from Asia and Africa. The results were encouraging, with 11 candidates submitting a total of 14 papers for publication, of which 12 are already published or in press. A decentralised version of this course, offered in collaboration with the Public Health Foundation of India, Hyderabad, and completed in March 2011, resulted in eight of 10 candidates submitting papers to peer-reviewed journals for publication. Of the two candidates who did not submit papers, one had to leave for further studies abroad, while the other had problems receiving permission to collect data.
Similarly, the CDC/USAID course, which started in 1997, runs for 6 days and teaches protocol writing for studies that are to be implemented on the candidates' return to their respective countries, provides mentorship on technical issues and subsequently, reconvenes participants for feedback and manuscript writing. 45 The CDC training model has served as a pathway to sustainable public health capacity development in Central America. 48 These mentored and output-oriented approaches seem to be quite effective in achieving the goals of increasing capacity for research publication.
Both of these models pursue the goal of submitting papers to peer-reviewed journals. This is because publication is a milestone in the successful completion of a research study as well as an important step in the process of disseminating research fi ndings. A published study is seen as legitimate evidence and has a better chance of infl uencing programme planning policy. Other important output to evaluate success includes effective dissemination to appropriate audiences, infl uence on actual policy and practice and specifi c impact on programme performance (Table 5) .
When it comes to programmes engaging in partnerships with institutions, universities and NGOs, the comparative advantages of the different groups should be considered. 15 For example, an academic institution would be the most suited to support a clinical trial, while an implementing NGO would be the best partner to run feasibility studies. What is vital is that the programme management team has the decisional sovereignty over research agendas and priorities. 10, 11 The role of external expertise should be to facilitate the development of local skills through learning by experience rather than controlling funds and expertise over a poorer 'benefi ciary' partner. 49 If correctly managed, the potential advantages of working partnerships could include access to new ideas and best practices, technical expertise and resources, of their completed studies and turn these into a draft article for submission for publication. The module covers the following: -Principles of writing a scientifi c paper in a step-by-step manner -The writing of a draft paper during the course of the module with support of the mentors -Learning how to electronically upload articles -Understanding how to manage peer review Expected output: Draft manuscript wider dissemination and impact of research fi ndings, improved recognition and credibility of the programme in which the research is conducted and increased probability of sustainability. 27 Laudable examples of sustainable health research capacity development include partnerships led by the Liverpool School of Tropical Medicine in Ghana, Kenya, Malawi and the Democratic Republic of Congo. 29 Projects became sustainable after a median of 66 months, and the three key strategies that contributed to sustainable capacity building included 1) a phased approach engaging all relevant stakeholders from the start, 2) harmonisation with existing health systems and avoiding the creation of parallel systems and 3) ensuring local ownership and sustainability from the onset. 29 
Retaining trained personnel for the long haul in low-income countries Challenges
Promising research individuals from programmes are often sent abroad for further training and return with Masters degrees or Doctorates. However, they are then very frequently promoted to senior-level management positions and have no time for research. 27 If they stay in the research fi eld, they often lack dedicated budgets and opportunities to implement research and eventually end up emigrating to greener research pastures-the 'brain drain'. 50 For example, only 2% of individuals with doctoral training in Pakistan received more than two grants following completion of training, although training had been completed as much as 15 years earlier. 51 The United Nations Educational, Scientifi c and Cultural Organization (UNESCO) has estimated that for research and development, there were an average of three researchers per 1000 population in industrialised countries compared with three per 10 000 in low-income countries. 52 These estimates highlight the existing inequities and the importance of retaining trained researchers. 27 Staff turnover is also a major hurdle for sustaining OR, even in relatively well-resourced implementing NGOs such as MSF. 13 For example, over the last 3 years, six individuals working in the fi eld and linked to the MSF Brussels OR unit have left for the academic sector or other institutions. The main reason cited for leaving was the lack of long-term career opportunities. This attrition not only hinders institutional capacity building and the sustainability of research, but also reduces the impact of OR at the programme level.
Enabling factors
There are a number of ways forward to encourage retention in research. First, investing in the position of an OR focal point, as discussed above, provides an opportunity for trained individuals to take over the reins of OR at the programme level. Second, there is a need to create programme level OR fellowships with a defi ned career pathway so that promising junior research fellows can evolve to become senior fellows. In this manner, a cadre of skilled OR fellows can be built up and can eventually become leaders. The fellows are attached to programmes while under local and international mentorship, and can assume responsibility for driving the OR agenda in these programmes.
The Union and MSF have recently introduced a system of OR fellowships. In terms of selection, candidates can be doctors, paramedical offi cers, nurses or data analysts; they need to have successfully completed the Union/MSF training course on OR; 23 they must be strongly supported by their directors or health institutions; and they need a suitable curriculum vitae supported by two strong references. The support provided to fellows includes 1) 1-year renewable contracts that are performance-based, including the submission of two papers to peer-reviewed journals in 12 months in which the fellow is the fi rst author (failure to do so means no renewal of contract); 23 2) the opportunity to move from junior to senior fellowships after 2-3 years, dependent on satisfactory overall performance, which goes beyond submitted papers; 3) support to attend national and international conferences to present their research; 4) the opportunity to work as facilitators in OR courses to train others; and 5) support for work that can lead to an eventual Masters or Doctoral degree. This needs to be done in collaboration with academic institutions. Since the fi rst Union/MSF course, run in 2009, 23 three OR fellows have become facilitators on subsequent courses. Importantly, the designation of a person as an 'OR fellow' is also likely to provide some protection from being transferred to a management position.
We believe that the prospect of undertaking a higher degree in OR by fellows while working in programmes or at NGO level may be a strong motivating factor for retention. 27 For the programme or NGO, this implies a minimum retention period of a trained individual for up to 4 years or more⎯the p eriod required to complete a Masters or Doctoral degree⎯while for the candidate this arrangement brings a prospect for long-term career development, a win-win situation. From a total of six OR fellows who started work in 2009 and 2010 at the Union, Paris, four were supported through memoranda of understanding with NGOs. By 31 March 2011, a total of 43 research projects had been undertaken, of which 20 were completed and submitted for publication. Although this is a preliminary quantity indicator, with time there will be a need for assessment of quality of output, including the impact on policy and practice (Table 5 ). Table 6 lists published papers by OR fellows, while the following is a perspective from an OR fellow:
As a person who works with the National Tuberculosis Programme in India, I found the Union/ MSF course to be of particular added value in providing me with practical skills for defi ning relevant and focused OR questions, becoming conversant with ethical issues around research; being able to conduct and actually publish OR using routine programme data and linking up with other researchers, policy makers, NGOs and communities to practically apply research fi ndings.
Becoming an OR fellow has particularly provided me with a stimulating environment to progress further in the fi eld of OR, the much needed exposure to various scientifi c communities and, importantly, the opportunity to teach and mentor other interested colleagues from low-and highi ncome countries.
-S Satyanarayana 53
MEASURING LEADERSHIP DEVELOPMENT AT PROGRAMME LEVEL OR leadership development at programme level needs to be measured. We propose that programmes measure this in collaboration with research partners or external evaluators and involve a number of broad parameters. These measures could include 1) assessing whether OR has been successfully embedded into programme planning and management, 2) determining if there are successful programme-level research outputs and 3) documenting specifi c outputs of capacity building and retention strategies (Table 5) . These parameters could serve as a basis for developing generic-and context-specifi c indicators to evaluate leadership development. 29, 49 Local 'buy in' of these parameters will be essential to ensure that progress is evaluated from a country perspective rather than from the perspective of external agencies. 49 
CONCLUSION
It has been said that 'research capacity in underdeveloped countries remains one of the world's great unmet challenges'. 9 Undoubtedly, the price paid for this void will include a lack of adequate understanding of how health systems are actually functioning, not knowing what works and what does not, and the inability to propose adapted and innovative solutions to existing problems. We suggest that leadership for managing OR should move into the hands of individual programmes that are under the umbrella of and responsible to Ministries of Health. Leadership in OR will require national sovereignty over research agendas and independent funding at the national level both to nurture the capacity of indigenous scientists and to conduct OR.
If we are to live up to the theme of the World Health Report in 2012 of 'No Health without Research' 5 through deeds and not just words, we will need to make a quantum shift in the amount of programmerelated OR that is currently performed. We have described some promising ways of building research capacity and hope that they may contribute towards this goal. Las investigaciones operativas (OR) que surgen de los programas son muy escasas en los países de bajos ingresos, donde se observa la mayor carga de morbilidad. El precio de esta carencia es una falta de comprensión del funcionamiento actual de los sistemas de salud, el desconocimiento de las intervenciones eficaces y las ineficaces y una incapacidad de proponer soluciones adaptadas e innovadoras a los problemas de los programas. Se utilizó el programa nacional contra la tuberculosis como ejemplo, a fin de fomentar un liderazgo firme a escala programática, encaminado a dirigir la OR y establecer relaciones viables entre los administradores del programa, los científicos y los encargados de formular las políticas. Se destaca la necesidad de crear un ambiente propicio a la realización de la OR y de definir los principales factores que obstaculizan y que favorecen OR a escala del programa. El análisis se centra en la importancia de la función de un centro de enlace de la OR al interior de los programas y en las estrategias prácticas de capacitación que puedan aportar resultados oportunos y cuantificables. Por último, se hace hincapié en la necesidad de medir la creación de liderazgo en materia de OR a escala programática y se proponen los criterios de evaluación. En el presente artículo: 1) se suministran las razones por las cuales los programas deberían tomar la iniciativa de coordinar y dirigir la OR, 2) se definen los principales factores que constituyen obstáculos o que facilitan su ejecución, su dirección y su sostenibilidad y 3) se proponen criterios que permitan evaluar el desarrollo eficaz de la capacidad de liderazgo en OR.
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